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ABSTRACT
o
The 01d Speck Mountain quadrangle, Maine (L4° ?;' - Lk 45' N, 1at.,

70° 45% - 71° 00! ﬁ. long.), is underlain by Paleozoic metamorphic and
intrusive rocks. The metamorphic rocks comprise the‘Albe;AformatioQ’ And
the Ammonoééuc volééﬁié%i%égé the Partridge formation, Ordovician (?)
age, and, unconformably above them, the Littleton formétion of
-Siturien—{2)}-and Devonian age. The Albee consists of feldspathic
quartz-mica schist and some quartzite, both commonly pin-striped, cut
by amphibolite dikes and sills. The Ammong;suc is composed largely of
metamorphosed tuffaceous sediments, now mostly biotite schist, chlorite
schist, and amphibolite. A stratum of k&anite schist is probably a
metamorphosed bentonitic sediment. The Paf%ridge formation consists
"of schist, micaceous quartzite, and black phyllite, all commonly
containing sulfide minerals and graphite. The Littleton formation
has been divided into seven lithologic types, which, although inter-
bedded, tend to succeed one another in order. From bottom to top
these are: amphibolite with some pillow lava {(Whiteeap—Brook-—membexr},
gneiss, biotite schist, calc-silicate granulite, conglomerate and
quartzite, interbedded schist and quartzite, and two mica schist.
About 4000 feet of the Albeé; Ammonoosuc, and Partridge formationfan@
10,000 feet of the Littléﬁon formation are exposed.

Granitic gneiss of the Olivefian plutonic series forms concordant

sheets within the Ammonoosﬁc volcanics at the northeast end of the
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Jefferson dome in the west-central part of the quadrangle. Mafic grano-
diorite of the Umbagog pluton (early New Ham@shire plutonic series ?)
occupies the northwest corner of the quadrangle. The Andover pluton in
the central and eastern parts of the quadrangle is a complex of many
small intrusions of granodiorite, quartz monzonite, granite, and related
rock types belonging to the New Hampégire plutonic series. In this
pluton is the first American locality for sphene-flecked diorite, a
rock characterized by white flecks in which mafic mirerals are absent,
with a single highly poikilitic grain of sphene in the center of each
fleck. Experimental data on the albite-anorthite-sphene system are
applied to this rock and indicate that it formed by magmatic processes.
All of these intrusive rocks are approximately syntectonic and of
probable Dev;;ian age. Narrow basalt and lamprophyre dikes and a
volcanic bregcia pipe are correlated with the White Mountain plutonic—v% ka nw
e
series of Tmiasere—{*) age.

The northwestern part of the quadrangle lies on the extension of
the Bronson‘Hill anticline. This is a complex structure, with two
stages of folding. The earlier folds have northwest-southeast axes
and are inverted. These folds may have developed as recumbent digi-
tations off the Jefferson dome. They have been refolded by rather
tight folds with northea#t-southwest axes. In the southern and
eastern parts of the quadrangle is a broad open syncline (the Mahoosuc

syncline) plunging to the ncrtheast. The center of the syncline is

largely occupied by the Andover pluton. A series of minor open folds
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with horizontal northwest-southeast axes and some isoclinal folds
suggest that the Mahopsuc syncline, like the Bronson Hill anticline,
may have a complex internal structure. Folding presumably took place
during the Middle and Late Devonian Acadian orogeny. Subsequently
only minor faulting occurred.

The stratified rocks have been metamorphosed to the staurolite
and sillimanite grades. Kyanite, andalusite, and sillimanite all
occur, indicating that the temperature-pressure curve during meta-
morphism passed close to the triple point for A123i05. The assemblages
of the pelitic schists can be arranged in a normal sequence of progressive
metamorphism. There is some evidence, however, that potassium was added
to and removed from pelitic schists at various times during the meta-
morphism., In the metavolcanic rocks cummingtonite and gedrite, as
well as hornblende occur. Chemical analyses and optical data for
three hornblendes and a complete mineralogical description, including
chemical analysis and x-ray data, for a gedrite are given. Retrograde
metamorphism was minor; an unusual process was replacement of biotite
by prehnite.

The area was covered by the Pleistocene continental ice sheet,
which flowed toward the southeast. Mountain glaciation probably

occurred on 0ld Speck Mountain.



INTRODUCTION

Location, Culture, and Accessibility

The 0ld Speck Mountain quadrangle comprises slightly more than two
hundred square miles in west-central Maine between LL°® 30' and khk° 45!
north latitudes and 70° k5' and 71° 00' west longitudes. It includes
large parts of the organized towns of Upton, Andover, and Newry, of the
unorganized townships of Riley, Grafton, Andover West Surplus, Andover
North Surplus, Township C, C Surplus, and corners of Byron, Hanover,
and Township D, all in Oxford County except the last, which is in
Franklin County.

The largest concentration of population is in the village of Andover,
Just on the east edge of the quadrangle. One or two families of the
smaller village of Upton live within the quadrangle and a dozen or so
homes are scattered along the highway in Newryl From the first settlement
of this area (Andover in 1804, Grafton in 1834) the population rose for
one or two generations and then declined. Fobes (1951) gives an accéunt
of the rise and fall of & mountain community in Grafton which from a
population of 115 in 1880 bas dwindled to extinction. The "Surplus
Settlement" along the West Branch of the Ellis River was a similar,
though smaller, community, now marked only by a cemetery, an abandoned

house, and some apple trees.
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The economy of the area has always been based on forest products.
Only two or three percent of the land is now kept cleared for hay
fields and pasture and about as much was once cleared but has reverted
to woodland. The forest that covers the quadrangle, except the fields
and barren zones atop the higher mountains has been entirely cut over,
mich of it many times. One encounters all stages of reforestation
from the nearly impassable slash piles and raspberry thickets of
freshly cutover land to forests of tall trees with a clear understory.
The present forest is about half soft wood, mostly spruce and balsam
fir, and half hard wood, mostly yellow birch and red maple. It is cut
mainly for pulp wood, both hard and soft, for the paper mills in
Berlin, New Hampshire}and Rumford, Maine.

‘State Highway 26 from Upton to Newry, the East B Hill Road from
Upton to Andover, State Highway 5 from Andover to South Arm of Richardson
lLake, the Sunday River Road up to Ketchum, and a few local roads are
maintained. In addition, wood roads are always being built into cutting
Jobs and usually remain passable, at least to four wheel-drive vehicles,
for a few years. The Appalachian Trail traverses the quadrangle from
corner to corner, approximately at right angles to the general course
of the roads. It was extremely useful during field work, especially in
the Mahoosuc Range, which was mapped in great part by traverses based on

camps at the Trall shelters.



Topography and Drainage L

An axis of high mountains extends from the southwest to the northeast
corner of the quadrangle, culminating in Old Speck Mountain itself, which
at 4180 feet elevation is the third highest mountain in Maine. Those
mountains southeast of Grafton Notch belong to the Mahoosuc Range; no
group name covers the rest. To the northwest of the mountain axis is a
low area of subdued relief drained mostly by the Swift and Dead Cambridge
Rivers into Umbagog lake, which lies at 1245 feet elevation just outside
the quadrangle, and from which the Androscoggin River arises. The area
southeast of the mountain axis is more rugged with several peaks over
3000 feet elevation and low points of below 660 feet elevation on the

Ellis and Bear Rivers, which both drain into the Androscoggin.

Present Investigation

Purpose. Our present knowledge of the geology of New England
relies to a considerable extent on stratigraphic relationships discovered
in widely separate fossil localities. As studies are made farther from
these localities the reliability of the stratigraphy and consequently the
structure becomes less and less. Correlation between fossil localities
is particularly important. The present study carries northeastward the
stratigraphy that ultimately depends on the work of M. P. Billings and
his coworkers in the Littleton-Moosilauke area of New Hampshire., The
0ld Speck Mountain quadrangle should become a link in a chain of

correlations that should in a few years connect the Littleton-Moosilauke



PHOTO 1. View south and southeast from north of Mollidgewock Pond,
Upton (Milan quadrangle). Mcuntains on the skyline are
(left to right) Surplus Mountain, Baldpate Mountain,
Sunday River Whitecap, 0ld Speck Mountain and the Mahoosuc
Range, and Red Ridge.

PHOTO 2. Sheeted gneiss of the Littleton formation. North Pesk,
Riley. Such continuous exposure is typical of brooks
on the steeper slopes.
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area with  fossiliferous areas in Maine such as Moosehead Lake and
Waterville, placing the geology of the entire area on a much sounder basis.

The 0ld Speck Mountain quadrangle lies on the projection of a
structural belt thgt has proved of great complexity and interest farther
southwest. It was found that this structure not onl& extends into the
quadrangle but exhibits special features that make it particularly amenable
to elucidation.

Several problems of metamorphic and igneous petrology were encountered
and investigated, some common to terranes such as this;and some of a rather
unusual nature.

Finally, this quadrangle was chosen for a study of the relationships
of geology and geomagnetism in a metamorphic terrane. This phase of the
study will be reported separately.

ygzgggi. Field work occupied about forty-two weeks in the summers of
1957, 1958, and 1959.‘ Mapping was done on the excellent topographic
quadrangle map enlarged to a scale of two inches to the mile; Aerial
photographs at this scale were available, but the dense forest cover
reduced their usefulness. Traverses were preferentially made along
brooks, where the outcrop is good and locations can be determined with an
aneroid barometer.

An seromagnetic map made by the U. S. Geological Survey was
available during field checking and compilation in 1960. Some contacts
have been carried through areas of surficial cover on the basis of the

aeromagnetic pattern.



Over five hundred and fifty specimens were collected, most of which
were studied in thin section. X-ray diffraction charts were made on many,
particularly as a check on the estimate of the quartz-plagioclase ratio.
Most modes were estimated; point counts of a few thin section; were made
as a check on the accuracy of estimation. Compositions of plagioclases
were mostly determined by relief and twinning relations in thin section;
some were determined by the immersion method. When precise optical
determinations of minerals were made, sodium light was used and
immersion oils were mixed and their refractive iﬁdex determined at the
time of use with a Leitz microrefractometer. A spindle stage (Wilcox
1959) was found very useful in precise index determination of amphiboles.
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of the lake House provided an excellent base of operations for the

writer and his assistants.

Previous Publications

In 1838 c. T. Jackson travelled over the East B Hill Road while
eﬁgaged on the first Geological Survey of Maine. His report (1839)
is illustrated by drawings of Frye Falls, Speckled (0ld Speck)
Mountain, and Saddleback (Baldpate) Mountain.

The area of the 014 Speck Mountain quadrangle is included in the
geologic map of New Hampshire by C. H. Hitchcock, (1878) who probably
visited the area while engaged in the second Geological Su£vey of Maine
during the early 1860's. The units of his map correspond to some extent

to those recognized in the present investigation, although contacts were

apparently not walked out. The Lyman group corresponds tgﬁtég &
The

e

Ordovician (?) formations and the;ggifsfap Brook’amphlbolite{

e ot e

Montalban group corresponds to the metasedimentary members of the

e
Littleton formation, with a band of "mica schist and limestone"

o r.:" s flde



apparently having been based on beds containing lime silicate
concretions that crop out along Bear River and the West Branch of Ellis

River. The granite near the center of the quadrangle was mapped as

e
~ PR R S
e

"granite", theigééééééjgranodiorit%( the granite near Andover and some
near North Newry as "granitic gneiss". )

Keith's (1933) Geologic Map of Maine gives essentially a simplification
of Hitchcock's map, with the incorrect addition of another granite body
in the southern part of the quadrangle.

The only other publications presenting new information on the
'geology of the quadrangle are by Leavitt and Perkins (1935) who made a
reconnaissance of the glacial deposits, by Crosby and Crosby (1925) on
"keystone faults", and popular articles on mineral occurrences by Shaub
(1959) and Jorgensen (1960). Joyner (1958) measured gravity at several
stations in the quadrangle.

An outline of preliminary results of the present study and a road
log (Milton 1960a) and an abstract on sphene-flecked diorite (Milton
1960b) from the quadrangle have been published.

In contiguous areas, the Rumford quadrangle has been mapped by
Forsythe (1955) and the Newry Hill pegmatite area on the east end of
Plumbago Mountain by Shainin and Dellwig (1955). The Biyant Pond
quadrangle is being mapped by C. V. Guidotti, the Bethel quadrangle
has been mapped by I. S. Fisher (1955), and the Gorbam guadrangle by
M. P. Billings and K. Fowler-Billings (Billings 1955). The Milan

quadrangle has been mapped in reconnaissance by M. P. Billings (1955)



and the northern third has been mapped in detail by the writer
(unpublished). The Errol quadrangle has been mapped by J. C. Green
(1960) .



STRATIGRAPHY AND LITHOLOGY
General Statement

About 12,000 to 15,000 feet of stratified rocks are exposed in
the 0ld Speck Mountain quadrangle. These have been intruded by igneous

rocks that now underlie about half the quadrangle. The stratified

L

rocks have been divided into four formations: Albee, Ammonoosuc,
< Foaiie T ‘7" i "4}5 PREZRIIY ”‘ 51‘&“’ 4’-{ "J ’4 It
Partridge, and Littleton. The flrstAthsee=£arm~e~group of Ordovician (?)
r"?'/ ~

age. The Littleton formation, of Devonian - ; age is a more complex
formation in which seven lithologic types have been mapped.

All of the stratified rocks have been regionally metamorphosed.
:’(j;f'-_{.:*-:‘.-{:ﬁ sl :
In general, the Ordovician (?) formations lie in the staurolite zone
o -
and the Littleton formation in the sillimanite zone.

" The stratigraphy is summarized in a columnar section in figure 2.

Albee Formation
"’..‘ ff— o A A 4{!‘&

General Statement. The Albee formatlon cons1sts mostly of quartz-

mica schists. It crops out in a belt less than a.nnle wide and about
five miles long extending from southwest of Whitecap Brock, Grafton,
northeastward across East B Hill, where it splits into two prongs,
one continuing northeastward over Spruce Mountain and the other
extending eastward into Andover North Surplus. Continuity of the
outcrop area is interrupted only by the alluvial £ill in Grafton
Intervale. The tip of the northern prong is concealed by ground
moraine, but its approximate lccation was determined from the aero-

magnetic pattern.

il
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Littleton

5 A e e T St SOV ST, P S IS

LT Y X Rl

System . . .
Formation| Columnar Section] Lithology ond Thickness
_‘-{:. ;;:—;:-T .-‘-::—_'E Two mica schist, mostly fine-—grained,
c - =~ - - - - --77 | some with staurolite porphyroblasts.
o R - - = - e ) 5000+
c ST oIS {Schist and quartzite in alternating
ol FE&--1K i thin beds, 2000'+
. S SR
o : g ¢
o .
..... LN e |Quartz pebble conglomerate and quartzite
- e+ |minor schist, 0'-5000"

Calc-silicate granulite and biotite

;| schist, 0'-200"!

A i e

Biotite schist, minor two mica schist,
2000'+

Gneiss, mostly biotite schist with
granitic pods, veins, and knots,
0'~4000"'+
Whitecap Brook member., Dark amphibolite
mostly metamorphosed basaltic flows.

0'-5000"

wnconformity

~ | © ]
: § - -180hist, micaceous quartzite, and black
:;_\‘sp L {phyllite, all somewhat sulfidic,
- s B RO e L 7 0'-1750°"
o | & |-
N [4) - - :
o =48 i; Biotite schist, chlorite schist, horn-
- gl =- blende schist, amphibolite, quartze
1§ % feldspar granulite; mostly metamorphosed
o El=--4 - tuffaceous sediments.
. 'o EglSa402a4422 Porphyritic schist, biotite schist with
SN | Z-r oo 2 104 <= mictocline megacrysts.
< =2 - -—=_.0¢4 47| Kyanite schigt. 2500+ |
ol & LT LEET AU Quartzemica echist, some quartzite, both
L | m-m 54552 15 | comonly pin-striped; amphibolite in
<€ |t S ~hlanD | dikes and sills., 1250+

PIGURE 2, Oolumnar section for the Old Speck Mountain quadrangle,
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There is no sharp distinction between Albee and Ammonoosuc meta-
sedimentary rocks. Moreover, rocks of typical Albee lithology are found
interbedded with Ammonéosuc volcanics. In general the presence of any
amphibole-bearing rock, except intrusive dikes or sills, or of a dominant
amount of highly feldspathic rocks, was considered diagnostic of the
Ammonoosuc volcanics.» As a result, a considerable proportion of Alﬂgé;
like rock may be found within the area mapped as Amﬁ;;oosuc, particularly
on the lower west slope of East B Hill.

Although some of the rocks of the Parg;idge formation are similar
in gross composition to the ordinary Albéé type, the characteristic pin-
striping of the Albee and the accessory sulfide minerals and graphite of

the Partridge are sufficiently diagnostic to prevent confusion.

Lithology. The Albée formation has been metamorphosed to an inter-
mediate (staurolite and low sillimanite) grade. The bulk of the formation
is quartz-plagioclase-muscovite-biotite schist. (Representative modes
are given in table 1l.) Quartz and plagioclase make up about seventy or
eighty percent of the rock. In the most distinctive Alﬁee type the
quartz to plagioclase ratio is high, on the order of ten to one or more.
Rocks with a lower quartz to plagioclase ratio, and commonly with more
biotite than usual, also occur, particularly where the Albee grades
toward the AmmonoSSuc (osM 13). Biotite and muscovite each usually make
up five to fifteen percent of the rock. Neither potassic feldspar nor

staurolite or sillimanite are more than occasional minor phases, indicating
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" Table 1, Estimated modes of the Albee formation.

17 9 204 446 453 A56 458
Quartz b 7177 5 65 15 60 55 Th
Plagioclase 37 2 5 7 10 7 17 2
Pt > 3
Muscovite 13 20 15 4 15 15 8
Biotite 22 4 10 12 10 15 10 12
Chlorite 1 3 '
Garnet T 1l
Staurolite 1 T
S111imanite 3
Apatite T T T T
Zircon T
Opaques 1 2 3 1 1 1 1
An content 15 30 >0

of plag,

0SM 13 Irregularly laminated biotite schist.
1500! elev. on road north of Dumn Notch, North Surplus.

OSM 17 Pin-striped

micaceous ﬁuartzite.

1700* elev, on road east of East B Hill, C Surplus,

OSM 90 Highly contorted pin-atriped schist.
Summit of Eagt B Hill, C Surplus, -

OSM 294 Straight pin-striped gray micaceous quartzite,
1520' slev, east of trail fork west of Deer Hill, Grafton.

OSM 446 Gray micaceous quartzite,
on north ridge of hill SW of Whitecap Bk., Grafton,

1700! olav,

0SM 453 Pin-striped
1900"' elev,

O0SM 456 Interbedded
1970°" elev,

OSM 458 Pin-striped
-1880°" elev,

mloaceous quartzite,

on west ridge of hill SW of Whitecap Bk., Grafton.

pin-striped quartzite and schist.
on north ridge of hill SW of Whitecap Bk.,. Grafton.

gray quartzite,

on west ridge of hill SW of Whitecap Bk., Grafton,

I
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that the contents of K->0 and Al504 are in close balance. Garnet an&
chlorite, except as a proéuct of retrograde alteration of biotite, are
rinor phases or absent. i

Quartz and plagioclase occur in rathér simply shaped equant grains
0.1 or 0.2 mm in diameter. large disparities of grain size character-
istically do not occur. In OSM 446, however, some quartz grains are two
or three times the diameter of the average in the specimen and apparently
represent original clasts.

A striking feature of the Alb;; formation in the 0ld Speck Mountain
quadrangle, as well as elsewhere in New England, is "pin-striping”, an
alternation of quartzo-feldspathic laminae about 2 mm thick with dark
micaceous lamellae about 0.3 mm thick. Micas also ocecur inAthe light
laminae, but much less abundantly and usually in smaller flakes than in
the dark partings. Pin-striping, although not invariably present, can
be found in a greater or lesser degree of perfection in most outerops of
Albee. In some areas, particularly south of Whitecap Brook, the pin-
striping is straight and parallel. More commonly, however, it is highly
contorted. Most of the pin-striping is assumed to be parallel to bedding.
This is confirmed by the fact that where thicker beds of differing
composition occur, the pin-striping is parallel to them.. In a few ‘
outcrops, however, pin-striping definitely transects bedding. The
most obvious foliation in one outcrop is a rather straight Pinstripe-

like lamination. A closer examination indicates that this is a shear

cleavage transecting a fainter, highly contorted pin-striping, which



PHOTO 3. Pin-striped micaceous quartzite of the Albée formation,
OSM 453, x5.

PHOTO 4. Pin-striped micaceous quartzite of the Albee formation,
OSM 17. The flakes of mica are oriented parallel to
a shear cleavage transverse to the pin-stripes. x10.
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